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Abstract "Rotating RAdio Transients" (RRATs) are 
a newly discovered astronomical phenomenon, charac- 
terised by occasional brief radio bursts, with average in- 
tervals between bursts ranging from minutes to hours. 
The burst spacings allow identification of periodicities, 
which fall in the range 0.4 to 7 seconds. The RRATs thus 
seem to be rotating neutron stars, albeit with properties 
very different from the rest of the population. We here 
present the serendipitous detection with the Chandra X- 
ray Observatory of a bright point-like X-ray source coin- 
cident with one of the RRATs. We discuss the temporal 
and spectral properties of this X-ray emission, consider 
counterparts in other wavebands, and interpret these 
results in the context of possible explanations for the 
RRAT population. 
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1 Introduction 

Astronomers are still coming to terms with the fact that 
the zoo of isolated neutron stars harbours an increas- 
ingly diverse population. Objects of considerable inter- 
est include radio pulsars, anomalous X-ray pulsars, soft 
gamma repeaters, central compact objects in supernova 
remnants (SNRs), and dim isolated neutron stars. A 
startling new dis covery has now forced us to further ex- 
pand this group: iMcLaughlin et ahl l)2006j) have recently 
reported the detection of eleven "Rotation RAdio Tran- 
sients" , or "RRATs" , characterised by repeated, irregu- 
lar radio bursts, with burst durations of 2-30 ms, and in- 
tervals between bursts of ^ 4 min to ^ 3 hr. The RRATs 
are concentrated at low Galactic latitudes, with distances 
implied by their dispersion measures of 2 — 7 kpc. 

Fo r ten of the eleven RRATs discovered bv lMcLaughlin et al.l 
l)2006l) . an analysis of the spacings between repeat bursts 
reveals an underlying spin period, P, and also in three 
cases, a spin period derivative, P. The observed periods 
fall in the range 0.4 s < P < 7 s, which generally overlap 
with those seen for the radio pulsar population. 

For the three RRATs with values measured for both 
P and P, a characteristic age, Tc, and a dipole surface 
magnetic field, B, can both be inferred, as listed in Ta- 
ble ^ These sources can also be placed on the standard 
"P — P diagram" , and can thus be compared to other 
populations of rotating neutron star: 

— RRAT J1317-5759 has properties typical of radio 
pulsars, except for a relatively long spin period. 

— RRAT J1819-1458 is very young, with a high mag- 
netic field. On the P — P diagram, it is located in the 
upper-right region, in the same area occupied by the 
magnetars and by the high-field radio pulsars. 

— RRAT J1913-I-3333 has spin properties indistinguish- 
able from the bulk of radio pulsars. 

We here present the X-ray detection of RRAT J1819- 
1458, which provides a further point of comparison with 
the various neutron star population. The details of this 
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detection and its interpretation are discussed bv lRevnolds et al.1 



Table 1 Properties of the three RRATs with measured pe- 
riod derivatives. 



Source 



P (sec) (Myr) B (lO^^ G) 



RRAT J1317-5759 2.6 3.3 5.83 

RRAT J1819-1458 4.3 0.12 50 

RRAT J1913+3333 0.92 1.9 2.7 



2 X-ray Emission from RRAT J1819 1458 

2.1 Detection 




As mentioned above, RRAT J1819-1458 is very young, 
and has a high surface magnetic field. This source bursts 
every 3 min, making it the most active of the known 
RRATs. Its dispersion measure of 196 ± 3 pc cm~^ cor- 
responds to an estimated distance of 3.6 kpc, with con- 
siderable uncertainty. 

RRAT J1819-1458 sits only - 11' from the young 
SNR G15.9-^0.2. This source was the target of a 30 ks ob- 
servation with Chandra ACIS in May 2005, an d RRAT J181&| 
1458 fortuitously falls within the field of view l)R,evnolds et a' " 
l2006h . As shown in Figure ^ there is a clear detection 
of a bright, unresolved X-ray source within the error 
ellipse for RRAT J1819-1458. Using the X-ray differ- 
ential source count distribution for the Galactic plane 
oflSueizaki et al. ( 2001), we find that the probability of 
finding a field source of this count rate at this position is 
< 10"'', and conclude that we have both identified and 
localised the X-ray counterpart of RRAT J1819-1458. 



RA (J2000) 



Fig. 1 A Chandra ACIS image of RRAT J1819-1458, ob- 
served 11' off-axis, and smoothed with a gaussian of FWHM 
2". The ellipse shows the 3 — a error ellipse for the po sition 
of the RRAT, as derived by IMcLauehhn et all (12000) from 
radio timing. 



2.2 Spectrum and Variability 

We have extracted 524 ± 24 counts from the X-ray coun- 
terpart to RRAT J1819-1458, the spectrum from which 
is shown in Figure|21 While this is insufficient for detailed 
spectral modelling, it still yields crucial information. 

Fitting simple absorbed power-law and blackbody 
models, we find that the spectrum is a poor f it to the 
former, but a good fit to the latter (Reyn olds et al.L 
l2006h . At a distance of 3.6^3.6 kpc, the inferred black- 
body radius (as viewed at infinity) is 20^3.6 km, which 
is consistent with standard neutron star equations of 
state, given the uncertainty in the distance estimate. For 
this blackbody fit, the foreground absorbing column is 
Nh = X 10^^ cm~^, and the surface temperature (at 
infinity) is fcToo — 120 ±40 eV. In the energy range 0.5- 
8.0 keV, the unabsorbed flux is 2 x 10~^^ ergs cm~^ s~^ 
and the isotropic luminosity is 3.6(i| g x lO^'^ ergs s~^. 




Channel Energy (keV) 

Fig. 2 The X-ray spectrum of RRAT ,11819-1458, as ob- 
served with Chandra ACIS (Reynolds et al., 2006). The data 
points show the measurements, while the solid line shows the 
best-fit absorbed blackbody described in the text. 



Given the extreme variability of the source seen at 
radio wavelengths, it is of interest to quantify the level 
of X-ray variability seen in this observation. Examina- 
tion of individual CCD frames (at a time-resolution of 
3.2-seconds) shows no evidence for individual brief X-ray 
bursts that might be a counterpart to the RRAT phe- 
nomenon, with a 3-(T upper limit on the observed fluence 
of any burst of 3 x lO"'^^ ergs cm~^ in the 0.5-8 keV en- 
ergy range. The data also show no evidence of variability 
on any time-scale ranging from 3.2 s to 5 days (the time- 
span covered by the observations). Although the time 
resolution is only slightly shorter than the spin period, 
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Right Ascension (J2000) 

Fig. 3 A 2MASS image of the field surrounding 
RRAT J1819-1458, with J, H and K bands shown in blue, 
green and red, respectively. The arrows mark the position of 
the RRAT, as derived from Chandra observations. The upper 
limits on the infrared emission from RRAT J1819-1458 are 
J > 15.6, H > 15.0 and K > 14.0. 



P = 4.3 s, we do have limited sensitivity to an aliased 
pulsed signal. However, we find no pulsations down to 
a 3-a p ulsed fraction lirnit of 70% for a sinusoidal pulse 
profile ^Revnolds et al.L ^QQ^ . 



2.3 Data At Other Wavelengths 

With an accurate position for RRAT J1819-1458 in hand 
from our Chandra position, we have searched for a coun- 
terpart to this source at other wavelengths, using archival 
VLA, 2MASS and GLIMPSE data. No detection is made 
in any of these data. 

The non-detection in 2MASS data, shown in Figure|3| 
allows us to put a lower limit on the X-ray to infrared 
flux ratio of fx / Ur > 0-7, which rul es out most stellar 
counterparts fsee lKaolan et alll2004|) . Furthermore, the 
foreground column density inferred from the X-ray spec- 
tral fit is substantially smaller than the integrated col- 
umn through the Galaxy at this position, arguing against 
the X-ray emission being from a background galaxy or 
cluster. These arguments, combined with the good black- 
body fit to the X-ray spectrum, imply that the most rea- 
sonable interpretation for the X-ray emission is thermal 
emission from a neutron star surface. 



3 Comparison with Other Sources 

It is unclear whether the RRATs arc a completely new 
group of neutron stars, or are a new manifestation of one 
of the previously known classes of object. Since all classes 
of young neutron star are X-ray emitters, the detection 
reported here provides vital new information which al- 
lows us to begin to discriminate between various inter- 
pretations for the RRATs. 

We first note that while many neutron stars are pulsed 
in X-rays, those which produce thermal emission inevitably 
exhibit low pulsed fractions, due to gravitational b ending 
of the hght emanating from their surfaces (e.g.. iiPsaltis et all 
'2000). Thus our relatively poor limit on pulsed fraction 
is unsurprising and unconstraining. 

Despite its location near the magnetars on the P — 
P diagram, the X-ray properties of RRAT J1819-1458 
are distinct from those seen for magnetars: the RRAT 
is much colder and less luminous than the magnetars, 
and apparently lacks the hard X-ray tail seen for these 
sources, at our current level of sensitivity. Furthermore, 
the magnetar birth rate is well below that estimated 
for the RRAT population l)Popov et alil2006|) . The only 
possible link to magnetars is with the transient magnetar 
XTE J1810-197 which, while in qui escence, ha d a surface 
temperature kTc^. w 150 - 180 eV iflbrahim et a l.. 2004 
iGotthelf et al.ll2004|) . comparable to that seen here. 

The X-ray temperature of RRAT J1819-1458 is also 
well below those of the "central compact objects" , while 
its temperature and luminosity are above those of most 
of the dim isolated neutron stars. 

The one population whose X-ray properties provide 
a reasonable match to that of the RRAT is that of ra- 
dio pulsars, for which sources with ages around 100 kyr 
show spectra very similar to what we have found here. 
For example, PSR J0538+2817 is 30 kyr old and has 
fcToo = 160 eV, while PSR B0656-H4 is 110 kyr old 
and has kT^o = 70 eV (see iRevnolds et"all l2006l for 
details). The X-ray emission from RRAT J1819-1458 
thus suggests that this source is a normal radio pul- 
sar, albeit one that produces unusual radio bursts. Ad- 
ditional evidence to support this possibility is the subse- 
quent di scovery from PSR B065 6-H4 of RRAT-hke be- 
haviour IWeltevrede et al.', 2006). If PSR B0656-hl4 was 
placed at the distance of RRAT J1819-1458, its occa- 
sional bright radio bursts would still be seen, but not 
the underlying regular train of pulsations. 

One point to note is that the inferred surface mag- 
netic field strength of RRAT J1819-1458 is more than an 
order of magnitude greater than those of PSRs J0538-I-2817 
and B0656-f 14 discussed above. Two radio pulsars with 
comparable magnetic field s that have been detected in X- 
rays are PSRs ,117 18-3718 llKaspi and McLaughlinLl2005l) 
and J1119-6127 l|Gonzalez et all l2005f) . These sources 
show temperatures {kT ^ 150 — 200 eV) and luminosities 

1032_1033 ergs s-i) comparable to that of RRAT J1819~ 
1458, although both sources are probably much younger 
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(35 and 1.7 kyr, respectively) and, in contrast to RRAT J18iii-some cases from a radio pulsar that is norma lly beam- 
1456, have X-ray luminosities less than their spin-down ing away from us l|Cordes and ShannonL l2(if)3) . 
luminosities. 



4 Possible Interpretations 

If the RRATs are normal radio pulsars as proposed above, 
we then need to explai n their trans i ent be haviour. One 
possibility, discussed bv lZhang et alJ l)2006() , is that RRATs 
are pulsars that are no longer active, but for which a 
temporary "star spot" with multipole field components 
emerges above the surface. This magnetic field compo- 
nent could temporarily reactivate the radio beaming mech- 
anism, producing the observed bursts. 

The difficulty with this possibility is that none of the 
RRATs with known values of P appear to be near the 
"death line" in the P — P diagram, beyond which the 
pulsar mechanism is expected to turn off. To account 
for this, Zhang et al. (200^ have proposed that RRATs 
have dipole fields offset from their centres, causing their 
magnetic fields to be over-estimated. However, the X- 
ray temperature seen for RRAT J1819-1458 is consistent 
with it being a ~ 100-kyr old neutron star (see Sec. 13 
above), in reasonable agreement with its characteristic 
age as listed in Tabled ^md confirming that if this is a 
radio pulsar, it is as yet nowhere near death. 

fZhang et al. ( 200|) also consider the possibility that 
RRATs are caused by a brief reversal of the direction in 
which radio b eams are emitted. They draw upon the pre- 
vious work of iGil et"a l. (1994), who showed that when- 
ever PSR B1822-09 produces "nulls" in its main pulse, 
it produces a much weake r inter pulse, which has been 
interpreted by iDvks et aD 1200^ to correspond to ra- 
diation temporarily emitted in the opposite direction. 
If one invokes an emitting geometry in which the main 
pulse is never seen, then the interpulse alone, appearing 
only when the unseen main pulse nulls, might correspond 
to RRAT-like emission. The difficulty with this interpre- 
tation is that in PSR B1822-09 this reversal lasts for 
several minutes, in contrast to the RRATs, for which 
multiple bursts in succession are yet to be observed. 

Finally, the RRAT mechanism might be produced by 
interaction of the neutron star with an equatorial fall- 
back disk or with orbiting circumpolar debris. Accre- 
tion from a disk should usually quench the radio emis- 
sion mechanism, but sporadic drops in the accretion rate 
could allow the radio beam to turn on for a frac tion o f 
a second, producing the RRAT phenomenon 10 . l200fil) . 
Howeve r, this possibility i s at o dds with the behaviour 
seen bv IWeltevrede et al.l (|2006|) for PSR B0656-hl4, in 
which the RRAT-like bursts are superimposed on an un- 
derlying persistent series of faint radio pulsations. Alter- 
natively, episodic injection of material from a circumpo- 
lar asteroid belt could temporarily activate a quiescent 
region of the magnetosphere, producing a RRAT burst. 



5 Future Observations and Conclusions 

A variety of forthcoming observations should be able to 
cast more light on the possibilities discussed above, and 
on the spatial and spin distributions of these sources. 
Several groups have already undertaken new radio searches 
for RRAT-like emission from other classes of neutron 
stars. Near-infrared observations with the VLT have also 
been obtained for some RRATs, to provide stronger con- 
straints on the X-ray to infrared flux ratio of thes e sources, 
and t o look for hints of a fossil / fallback disk (see lWang et all 

Meanwhile, in a project called "Astro Pulse" , the 
data from the Arecibo SETI@Home project are being re- 
analysed for short transient signals. With the sensitivity 
of Arecibo, many RRATs may be found in this analysis. 

Finally, following on from our X-ray detection dis- 
cussed here, XMM-Newton observations of two RRATs 
have been approved for Cycle 5: of RRAT J1819-1458 
(to obtain a better spectrum and to properly search for 
pulsations) and of RRAT J1317~5759 (to see if it too 
emits detectable X-rays). 

A final point to make is that it is already clear from 
the 11 RRATs known that the birth rate of these objects 
is 3 — 4 times that previously estimated for all r adio 
pulsars l|McLaughlin et alll20o4lPoDOv et a"ill2006l) . We 
are thus only seeing the upper tip of a large transient dis- 
tribution. When one co mbines this with the populations 
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2009) 


Hvman et al.l 


2003) 



120041) . "winkers" (PSR B1931-h24; 



and "burpers" (GCRT J1745-3009; 
it becomes clear that a full study 



The next generation of radio telescopes, with the capa- 
bility of monitoring very wide fields of view (e.g., LO- 
FAR, xNTD and the SKA) should make many further 
discoveries of such phenomena. 
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